Protective response rates to hepatitis B (HB) vaccination have been reported as low as 18 -62% in HIV-infected persons. The relative importance of various predictors for this poor response has not been fully characterized. In this retrospective cohort study, we examined the relationship between clinical characteristics and vaccine non-response (HB surface antibody ,10 IU/L) among patients attending an urban HIV clinic. Among the 97 patients who met the inclusion criteria, 43 (44%) developed a protective antibody response. In multivariate analyses, age .40 years (odds ratio [OR] 3.03 [95% confidence interval [CI], 1.14 -8.06]; P ¼ 0.026) and alcohol abuse (OR 4.92 [95% CI, 1.72 -20.89]; P ¼ 0.007) were independent predictors of failure to develop vaccine response. In addition, CD4 nadir ,200 (OR 7.24 [95% CI,; P ¼ 0.004), rather than CD4 current to vaccination, remained a strong independent risk factor. Patients with HIV viral suppression on highly active antiretroviral therapy had a significantly lower rate of vaccine failure (OR 0.31 [95% CI, 0.11 -0.91]; P ¼ 0.033), after adjusting for these other covariates. Our findings underscore the importance of confirming seroconversion after HB vaccination in HIV-infected patients and initiating vaccination early in the course of HIV infection.
INTRODUCTION
The incidence of acute hepatitis B (HB) infection among HIV-infected persons in the USA is estimated to be as high as 5100-5700 cases/year 1 and the reported prevalence of chronic HB viral infection among HIV-infected cohorts in the USA and Europe ranges between ,7 and 9%. 1, 2 HIV-infected persons are also at a greater risk of developing chronic HB and often have higher levels of HB virus (HBV) replication than HIV-negative persons, thus posing a greater risk of HBV transmission. 1, 3, 4 Furthermore, HIV/HBV co-infected patients respond less well to therapy than HB mono-infected patients and are at a higher risk for liver-related mortality. 5 HB vaccination is safe and effective. More than 95% of healthy immunocompetent individuals achieve a protective immune response after a standard three-dose vaccination series. 6, 7 In contrast, response rates in HIV-infected individuals are as low as 18% to 62%. 8 -13 Previous studies have found an association between various clinical factors that may influence HB vaccine response, but few studies have examined these factors together. To identify clinical factors independently associated with impaired response to HB vaccination, we conducted a retrospective cohort study among HB-vaccinated HIV-infected patients who received primary care at the University of Washington Harborview Medical Center HIV clinic.
PATIENTS AND METHODS
We conducted the study on the University of Washington (UW) HIV cohort that comprised HIV-infected patients receiving primary continuity care at the UW Harborview Medical Center HIV clinic. The UW HIV clinic is the largest single provider of medical care to HIV-infected individuals in the north-western USA. Patients provide informed consent and are followed until death or relocation from the UW.
The UW HIV information system (UWHIS) captures comprehensive longitudinal data on the UW HIV cohort and was the source of data for this study. 14 The UWHIS integrates clinical data from all outpatient and inpatient encounters including standardized HIV-related information collected at enrolment: demographic, clinical, laboratory, medication and socioeconomic data are downloaded from institutional data sources including the UW electronic medical record. The majority of patients receive all their medications from the on-site pharmacy. Detailed prescription fill/refill data for all outpatient medications and inpatient discharge medications dispensed anywhere in the UW system are downloaded from the UW pharmacy system. Laboratory data are downloaded directly from the UW laboratory medicine system and include results of all tests performed as part of routine clinical care. Medical diagnoses, such as diabetes, renal disease and cirrhosis, and conditions including alcohol, tobacco and substance abuse are recorded prospectively by the treating clinician using a constrained vocabulary of standardized conditions and verified through a systematic review of clinical progress notes and other medical records. This study was approved by the UW institutional review board.
All HIV-infected patients !18 years of age whose initial clinic visit was between 1 January 1998 and 30 September 2005 were eligible for the study. Patients were required to have prevaccination serologies confirming the absence of current or past HB infection (negative anti-HB surface antibody [HBsAb], HB surface antigen and anti-HB core antibody). They were also required to have received three doses of HB vaccine. The decay rate of HBsAb in HIV-infected HB-vaccinated persons has not been studied; however, declining antibody levels over time have been described in healthy children and adults who undergo HB vaccination. 7, 15, 16 We therefore required that subjects have repeat HBsAb testing within a year of vaccination to account for potential waning antibody levels with more remote repeat testing. Patients who were tested .12 months from vaccination were more likely to have started vaccination in 1998-1999 compared with those who were tested within 12 months (51% versus 18%, P , 0.001). This change in practice is consistent with 1991 guidelines that suggested assessment of waning immunity (HBsAb levels) in immunocompromised persons 17 and 2002 guidelines that more clearly recommended confirmation of HB vaccine response one to two months after the last dose. 18 We examined the effect of both current and nadir CD4 cell count values; the latter defined as nadir prior to vaccination and the former defined as the value closest to the time of first HB vaccine within six months before or after vaccination. Patients were considered to be on highly active antiretroviral therapy (HAART) (defined as antiretroviral medication regimens containing !3 drugs containing a protease inhibitor or a non-nucleoside reverse transcriptase inhibitor) if they received at least three months of treatment at least two months before the first vaccine dose. Patients on HAART were classified as having HIV viral suppression if their HIV-1 RNA level closest to the time of first HB vaccine was ,400 copies/mL (limit of detection was 400 for standard assays in earlier years). Patients who had viral levels .400 copies/mL on the closest date but who were subsequently suppressed to ,400 copies/mL within six months of the first HB vaccine dose were also considered to have achieved HIV viral suppression.
The primary outcome measure was a protective antibody response to HB vaccination defined as a postvaccination anti-HB surface antibody (HBsAb) titre !10 International Units per litre (IU/L). All HBsAb titres were determined using a standardized enzyme immunoassay (Abbott Ausab EIA, Abbott Laboratories, IL, USA) performed by the UW Virology laboratory.
Between 1998-2005, approximately two-thirds of patients seen in UW HIV Clinic were vaccinated with Engerix-B w , a recombinant DNA HB vaccine (GlaxoSmithKline Biologicals, Rixensart, Belgium) and the remaining one-third with Twinrix w a combination of the recombinant HB vaccine and inactivated hepatitis A virus (GlaxoSmithKline Biologicals)both were administered intramuscularly at a standard adult dose of 20 mcg at zero, one and six months.
We examined the effect of demographic and clinical factors on failure to develop a protective antibody response to HB vaccination. These factors, apart from the lab and medication data outlined above, included age .40 years 19 , sex with men and injection drug use (not mutually exclusive), hepatitis C infection ( positive hepatitis C antibody and viral RNA) and history of AIDS-defining condition (1993 Centers for Disease Control and Prevention criteria excluding CD4 count ,200) and other medical conditions. Continuous variables were compared by using t-test or the two sample Mann -Whitney U test as appropriate and categorical variables by the x 2 test with Fisher's exact testing for small cell values (,10) for 2 Â 2 tables. Logistic regression was used to calculate univariate and multivariate odds ratios. Two-sided P values ,0.05 were considered significant. Covariates that had P values ,0.1 on univariate analysis or were considered biologically relevant (i.e. HIV viral suppression) were included in the multivariate model. All statistical calculations were performed using Stata software, version 8.2 (Stata, College Station, TX, USA).
RESULTS
Of the 2048 individuals who had their first visit to UW HIV clinic between 1 January 1998 and 30 September 2005, 1638 (80%) had baseline HB serological testing performed. Of the 400 patients determined to be negative for all HB serologies (HBsAb, HB surface antigen and HB core antibody) prior to vaccination and who had two or more HB vaccines recorded, 157 (39%) underwent postvaccination HBsAb testing. The 243 who did not undergo postvaccination testing were comparable to the 157 tested subjects with respect to the baseline characteristics outlined in Table 1 but did have a slightly lower proportion with AIDS-defining conditions (36% versus 47%, P ¼ 0.04). The untested group also differed from the tested group by having later year of vaccination (45% versus 16% for 2006, P , 0.001) and fewer vaccine doses (mean 2.6 versus 3.5, P , 0.001).
The time from the last vaccine dose to the first postvaccination HBsAb testing ranged from 0.5 month to 6.9 years for the 157 patients who underwent postvaccination testing. Ninety-seven patients (62% of 157) were included in the final analysis and met the predefined criteria of receiving three vaccine doses and postvaccination testing at more than one month and within one year after the last vaccine dose (median 3.2 months, range 1-12). The remaining 60 patients comprised nine patients who received two doses, nine who received four doses, one who received five doses and one who received six doses before testing within a year of vaccination and another 40 vaccinated patients who were tested more than a year after their last vaccine dose. These 60 excluded patients were similar to the 97 analysed in baseline characteristics but was a younger group overall (18% versus 44% were older than 40 years, P , 0.001).
Patient characteristics and vaccine response
The clinical and demographic characteristics of the study subjects are shown in Table 1 . The median age was 39 years (range, 21-53 years). Fifty-four (56%) patients were white, 23 (24%) were black and 20 (20%) belonged to other racial groups. Thirty-seven (38%) patients had an AIDS diagnosis and 19 (20%) patients were co-infected with hepatitis C.
The overall response rate to HB vaccination was 44%. In univariate analysis, vaccine non-responders were more likely to be over 40 years of age (54% versus 33%, P ¼ 0.04) and African-American (35% versus 9%, P ¼ 0.003) compared with vaccine responders. Non-responders were also more likely to have a CD4 nadir ,200 cells/mm 3 (59% versus 23%, P , 0.001) or to have abused alcohol (43% versus 19%, P ¼ 0.01). CD4 cell counts near the time of first HB vaccine dose were lower for vaccine non-responders (median value of 261 cells/mm 3 , range, 2-994 cells/mm 3 ) compared with vaccine responders (390 cells/mm 3 , range, 42-780 cells/mm 3 , P ¼ 0.02). The proportion of patients who achieved HIV viral suppression on HAART at the time of their first HB vaccine tended to be greater among vaccine responders compared with nonresponders (28% versus 20%, P ¼ 0.39). Figure 1 shows the proportion of HB vaccine responders stratified by CD4 nadir (categorized as 100, 101 -200, .200) and HIV viral suppression. Only 15.8% of patients with a CD4 nadir ,100 and evidence of viraemia at the time of vaccination had a protective antibody response compared with 80% of patients with a CD4 nadir .200 who achieved viral suppression.
Gender, hepatitis C infection, sex with men, injection drug use, tobacco or overall substance abuse were not associated with vaccine response. We had very few patients with renal disease, diabetes or cirrhosis to determine the effect of these factors.
Predictors of impaired vaccine response
The results of univariate and multivariate analyses are shown in Table 2 . Patients with a CD4 nadir ,200 had over seven times the odds of non-response compared with those whose CD4 nadir .200 (OR 7.24 [95% CI, 1.91-27.41]; P ¼ 0.004), whereas the current CD4 count was no longer significant in the multivariate model. Age .40 years (OR 3.03 [95% CI, 1.14-8.06]; P ¼ 0.026), African-American race (OR 6.0 [95% CI, 1.55-15.6]; P ¼ 0.005) and alcohol abuse (OR 4.92 [95% CI, 1.72 -20.89]; P ¼ 0.007) were also independent risk factors for lack of vaccine response. Patients with HIV viral suppression on HAART had a significantly lower rate of vaccine failure compared with patients who were either not taking HAART or not suppressed on HAART -an association that appeared to be independent of the current CD4 count (OR 0.31 [95% CI, 0.11 -0.91]; P ¼ 0.033).
A sensitivity analysis of all 157 patients who received at least two vaccines and were tested postvaccination up to seven years yielded similar results (data not shown).
DISCUSSION
The overall response rate to HB vaccination in our study population was 44%, which is consistent with rates previously HAART ¼ highly active antiretroviral therapy containing !1 protease inhibitor or non-nucleoside reverse transcriptase inhibitor for at least three months duration at time of vaccination ‡ HIV RNA ,400 copies/mL closest to first hepatits B (HB) vaccine dose § CD4 measured closest to first HB vaccine dose (within 6 months before or after)or first available if none documented prior to vaccination ÃÃ Unless otherwise indicated reported in HIV-infected patients. 8 -12 Older age, CD4 nadir ,200 cells/mm 3 , alcohol abuse and African-American race were independent risk factors associated with failure to develop a protective antibody response. In contrast, patients with HIV viral suppression on HAART were more likely to develop a protective antibody response to HB vaccination.
A decreased response to HB vaccination with increasing age has been previously reported in HIV-uninfected populations. 19 Our study confirms this as a robust finding in HIV-infected patients, even after adjustment for other clinical factors and has important practical implications regarding the timing of HB vaccination in HIV-infected patients.
We found that nadir CD4, rather than CD4 current to the first vaccine dose, remained an independent predictor of vaccine response. The effect of current CD4 was attenuated and no longer statistically significant once disease severity as measured by CD4 nadir was taken into account in the multivariate analysis. The association between nadir CD4 count and response to HB vaccine was previously observed in a small study of the HIV Outpatient Study cohort, which demonstrated that 84.2% of 19 patients who responded to HB vaccination had nadir CD4 counts !200 cells/mm 3 compared with only 46.9% of 32 patients who did not respond to vaccination (P ¼ 0.008). 20 Others have reported associations between nadir CD4 counts and the humoral response to pneumococcal vaccination. 21 Another study showed that functional responses to immunization (as measured by antibody response, lymphocyte proliferation and delayed-type hypersensitivity responses to tetanus and diphtheria toxoids) were better predicted by nadir CD4 cell counts than by CD4 cell count at the time of immunization. 22 Our data are consistent with these results as well as current understanding that HAART-induced immune restoration may be less complete in patients who initiate therapy later in their HIV disease course. 23, 24 We show that suppressive HAART may improve HB vaccine response and confirm the results of studies showing greater HB vaccine response rates in patients suppressed on HAART. 8, 20 We demonstrate furthermore that this effect may be independent of an increase in CD4 count, 8 a finding that will need to be confirmed. HIV replication has been shown to impair functional immune responses indirectly by increasing immune activation and proinflammatory cytokines. 9, 25 In fact, control of viral replication with HAART, which leads to reduced levels of soluble and cell-associated markers of immune activation, has been shown to improve cell-mediated and humoral responses to immunization. 26, 27 The extent to which HAART can restore response to immunization, particularly in patients with advanced HIV disease and low CD4 nadir, remains unclear. 28 Previous studies have reported decreased HB vaccine responses among alcoholics who were otherwise considered immunocompetent with seroconversion rates after standard vaccination schedules ranging from 43% to 70%. 29 -31 Our study suggests that alcohol may additionally impact HB vaccine response rates in patients whose immunity is already compromised by HIV infection. We were unable to distinguish between current and past alcohol abuse in our study. Proposed mechanisms for alcohol-related immunodeficiency include direct inhibition of T-cell-mediated antibody production by alcohol consumption 32 as well as indirect effects of malnutrition and underlying liver disease.
The association between African-American race and impaired response to HB vaccination is surprising. Early large-scale placebo, controlled randomized trials on HB vaccination in health-care workers 6, 7 and men who have sex with men 33,34 did not report differences in frequency of vaccine response by race. In our study population, African-American patients tended to have lower current CD4 counts (mean 288 versus 377 cells/mm 3 , P ¼ 0.12) and lower nadir CD4 counts (mean 185 versus 265 cells/mm 3 , P ¼ 0.08) compared with non-African-American patients but adjustment for these factors did not change the risk estimate or P values in the multivariate model. A possible biological explanation for our findings is the presence of unbalanced HLA polymorphisms across races that modulate the immune response to HB vaccination. 35, 36 Although our finding of the effect of race on immune response is interesting, it should be interpreted with caution given the small sample size and the potential for unknown or unmeasured confounding factors that may have mediated the effect.
Postvaccination HB surface antibody testing is not a consistent or widespread practice in our study population; only 39% of vaccinated patients underwent testing and 29% tested within a year of vaccination. Patients who did not undergo postvaccination testing were comparable with patients who did with the exception of having later calendar year of vaccination, fewer vaccinations and a slightly lower proportion of patients with AIDS-defining conditions. These differences most likely reflect shorter follow-up time and are unlikely to have distorted our effect estimates. More patients were tested for HBsAb within a year of vaccination during later years, in keeping with the emergence of sexually transmitted diseases guidelines in 2002 that clearly recommended confirmation of HBsAb seroconversion in HIV-infected HB-vaccinated patients. 18 To address potential selection bias introduced by restricting our analysis to those patients who received only three vaccine doses and were tested within a year of vaccination, we conducted a sensitivity analysis of all 157 patients who received at least two vaccinations and were tested postvaccination up to seven years and found similar results.
In summary, advancing age and lower CD4 nadir (but not current CD4) appear to predict vaccine failure -results that suggest that HB vaccination should be initiated soon after patients enter care, preferably early in the course of HIV infection before more profound immunosuppression occurs. In addition, delaying HB vaccination to await CD4 recovery on HAART may not be warranted; viral suppression independent of the current CD4 count may improve rates of HBsAb seroconversion. Those who do not respond to an initial HB series should be re-vaccinated, preferably after complete suppression of HIV replication on HAART. Our findings underscore the importance of identifying strategies that optimize the timing, delivery and effectiveness of HB vaccination in this high-risk population.
